Abstract. We present a model of slow-roll inflation in the context of effective Supergravities arising from string theories. The uplifting of the potential (to generate dS or Minkowski vacua) is provided by the D-term associated to an anomalous U(1), in a fully consistent and gauge invariant formulation. We develop a minimal working model which incorporates eternal topological inflation and complies with observational constraints, avoiding the usual obstacles to implement successful inflation (η problem and initial condition problem among others).
Introduction
The topic of inflation coming from string models is experiencing a comeback driven by both progress in our theoretical understanding of the models and the increasing precision of observations. Whereas the former is commonly identified, in its phenomenological aspects, with the publication of the moduli stabilisation mechanism proposed by Kachru et al. (KKLT) [1] , the recent experimental data released by the WMAP collaboration [2] give support to the inflationary picture, as well as provide us with stringent limits on some of the cosmological parameters, something that can immediately be implemented within inflationary model building.
This revival comprises different string models where the inflaton is normally a modulus, either parametrising the distance between branes (as proposed originally by Dvali and Tye [3] ), or the geometry/structure of the compactified space. This second option, also denoted as modular inflation, has been studied ever since the first models of moduli stabilisation were put forward [4] . Inflation was not working at all because either the moduli were flat at all orders in perturbation theory or, when including non perturbative effects, their potential would be too steep to inflate [5] . Moreover we have to add the fact that, at that stage, all models of moduli stabilisation predicted a negative vacuum energy. Despite of all these problems, a few partially successful examples were built [6, 7, 8] .
Progress, as explained in the first paragraph, has been driven by our increasing understanding of flux compactification (for a review see [9] ) and its crucial role in stabilising moduli. In addition, several mechanisms to solve the long standing problem of the appearance of Anti de Sitter (AdS) vacua have been proposed. In particular, in the context of Type IIB theory, KKLT -see also [10] -considered the presence of anti-D3 branes as the source of an additional term in the scalar potential, which breaks SUSY explicitly and may uplift the minima from AdS to dS. In order to improve the aesthetics and the control over the effective theory, an alternative, fully supersymmetric, approach based on the presence of a non-vanishing (Fayet-Iliopoulos) D-term as the uplifting contribution to the potential, was proposed in ref. [11] . In its original formulation, this mechanism had important inconsistencies, that were fixed in ref. [12] . In that paper, a consistent formulation of these so-called "uplifting" D-terms in the context of N = 1 Supergravity was established, implying the presence of chiral matter (see more details in the next section). Explicit viable examples were given, where a T -modulus and the chiral matter get stabilised at phenomenologically relevant values and positive vacuum energy. The scenario was mainly determined by the requirements of supersymmetry and gauge invariance and, therefore, left little room for fine-tuning the parameters entering the superpotential, which increases the predictive power. (Alternative approaches to achieve the desired uplifting can be found in refs. [13, 14, 15] .)
In the present article we carry on along the lines of modular inflation in this new context of uplifted Supergravities ‡, and propose and study a scenario based on the setup of ref. [12] plus an extra singlet, where suitable inflation takes place. In order to do that we take into account all possible observational constraints which, together with the symmetries of the model, will determine the structure and size of the different couplings in the superpotential.
The paper is organised as follows: in section 2, we review the basics of the scenario presented in [12] as an introduction to our model of inflation. In section 3 we explore the chances and problems to implement inflation within this kind of framework, pointing out generic problems affecting to natural candidates to the role of inflaton. In section 4 we present the model itself and show how it gives rise to successful slow roll inflation. We also discuss our main results and, in section 5, we conclude.
Description of the scenario
In this section we briefly review the scenario considered in ref. [12] . It describes an effective Supergravity coming from type IIB string theory, although it can also be realised in the context of heterotic strings. Along the lines of the moduli stabilisation mechanism proposed by KKLT [1] , we assume that all moduli but one, an overall Tmodulus, have been stabilised at a high scale due to the presence of fluxes. We also assume, as it is common in these setups, that gaugino condensation happens, with gauge group SU(N), due to stacks of N D7-branes wrapped on some 4-cycle of the Calabi-Yau space. For each SU(N) there typically appears a U(1) factor. Some of these U(1)s, or combinations of them, can be anomalous. As proposed in ref. [11] , the corresponding Dterms can provide the required uplifting of the potential in order to have de Sitter vacua. This has the advantage that SUSY is not explicitly broken (as it was by the anti D3 brane contributions originally considered in KKLT), so corrections can be more reliably computed and kept under control. However, the setup of ref. [11] had some serious inconsistencies [34, 35] , arising from the lack of gauge invariance of the formulation. Nevertheless, as shown in ref. [12] , this scheme can be made gauge invariant, which imposes the presence of chiral matter transforming typically as (N,N) with abelian charges (q,q), for the whole setup to be consistent (this mechanism was confirmed in explicit string constructions in ref. [36] ). As stressed in ref. [12] , the constraints coming from enforcing gauge invariance are sufficiently strong to determine the form of the superpotential. Moreover, the presence of the anomalous U(1) group generates a FayetIliopoulos term which enters the D part of the scalar potential and is responsible for the uplifting.
Based on this information one can construct a simple model assuming that the symmetries in the hidden sector are dictated by a unique SU(N) times the anomalous U(1). In its simplest possible form, the model contains
• Two chiral multiplets, Q,Q, transforming as (N,N) with abelian charges (q,q) (i.e.
N f = 1 in the usual notation).
The modulus field transforms non trivially under the U(1) group,
and the corresponding transformation of the Lagrangian compensates the SU(N) 2 × U(1) X and U(1) 3 X anomalies, according to the Green-Schwarz mechanism. The resulting condition reads
where k N , k X are O(1) constant factors that enter in the definition of the corresponding gauge couplings [37] . It is also well known that the theory gets strongly coupled in the infrared. As a consequence, gaugino condensation takes place at some scale, Λ, and also squark meson condensates
are formed. A non perturbative superpotential term is generated [38, 39, 40] ,
Note that this term is, as expected, invariant under U(1) transformations.
As usual in N = 1 SUGRA, the potential is the sum of an F and a D-part,
Using Planck units, M −2
where 
Note that we have used |Q| 2 = |Q| 2 , which is dynamically dictated by the cancellation of the SU(N) D-term (in the N f = 1 case). The D part of the potential associated with the U(1) is given by
which is positive definite. For reasonable values of N, q,q and k N it is possible to choose W 0 in such a way that i) there are minima of the F-potential with broken SUSY and negative vacuum energy; ii) V D is non-zero and sizeable enough to uplift these vacua from AdS to dS. § We are assuming here a minimal Kähler potential for the matter fields. This is a simplification, but it does not affect the main results and conclusions. We will come back to this point in sect. 4.
As explained in ref. [12] , the absence of physical vacua with unbroken SUSY comes from the fact that the conditions D T W = D M W = 0 can only be fulfilled simultaneously in the decompactification limit, Re(T ) → ∞ . This can be easily checked by computing
with (a, b) defined by expressing (4) Let us now review the main features of the vacuum structure of these models. For the remainder of this analysis it is particularly convenient to split the complex fields T and M in the following way
As we have mentioned, there is always a SUSY conserving vacuum at T R → ∞. Besides this minimum, for given values of ρ M and T R , the potential gets always minimal when α M and T I are such that W 0 and W np are aligned in the complex plane (for more details see the Appendix). For real W 0 this translates into the condition
where ϕ np is the phase of W np and n is even or odd depending on the details of the model [12] . Actually, α M and T I appear in the potential only through the ϕ np combination, which can thus be set to its minimising value. Hence, the minimisation can be reduced to a two variable problem, namely to find the values of (T R , ρ M ) at the minimum. It is worth noticing that the energy of the vacuum is controlled by the size of the flux parameter W 0 . In fig. 1 we plot the dependence of the scalar potential with W 0 as a function of T R , with the non-perturbative phase, ϕ np , fixed to its minimising value. The matter condensate, ρ 2 M , changes along the path and is determined by the extremal condition δ ρ M V = 0. The particular model is defined by N = 20, q = 1,q = 1/10, k N = 1/2 (the remaining parameters, k X and δ GS , are fixed by the anomaly cancellation condition (2)).
As discussed in ref. [12] , the value of W 0 sets the overall scale of the F-potential. On the other hand, from eq. ρ M as this departs from its value at the minimum, and has a periodic behaviour along the axionic direction defined by the relative phase ϕ np given in eq. (11) (the other independent phase does not appear in the potential, as already mentioned). The latter behaviour is represented in fig. 2 , which shows (for the same example as in fig. 1 ) the scalar potential as a function of ϕ np , with T R , ρ 2 M fixed to their values at the minimum.
Chances and problems to implement inflation
Now we consider the problem of finding a plausible candidate to inflaton in these scenarios. For that matter it is convenient to recall the most ubiquitous obstacles that one finds to implement inflation in concrete models.
The η and initial-condition problems
In supersymmetric theories the inflaton, φ, is generically one (real) component of some complex scalar field, Φ. Successful inflation requires that the slow-roll parameters defined (in Planck units) as
(the primes denote differentiation with respect to φ) must be ≪ 1. On the other hand, it is well known (for a good review see ref. [6] ) that Supergravity theories generically present the so-called 'η problem', which refers to the fact that η is naturally of order one due to the presence of the e K factor in eq. (6). Take, for example, the simplest form of the Kähler potential, i.e. K = |Φ| 2 , which gives rise to canonical kinetic terms for Φ. If we write eq. (6) as
and expand the exponential to first order, we see that
In other words, Φ, and thus φ, acquires a mass term of orderṼ (in Planck units) and the corresponding contribution to η in (12) is of order one, which totally disfavours slow roll. Some mechanisms have been proposed to avoid or alleviate this η problem. In particular it is obvious that if φ does not enter the Kähler potential, K, it will not pick up a mass term coming from the expansion of the e K term. However, this is neither sufficient nor necessary to avoid the η problem, since one also has to take into account the possible dependence on Φ ofṼ in eq. (13) . Schematically,
Consequently, what should be required is that the various |Φ| 2 terms involved in (15) cancel among themselves.
Beside the η problem, we must worry about the initial conditions for the inflaton. In other words, it is desirable that we do not need to invoke tuning or unreasonable assumptions of any kind about the initial value of φ required to have a successful subsequent period of inflation. Note that this is typically a problem of naturalness. To that respect, an attractive possibility is that of eternal topological inflation [41, 42, 43] , which is realised in models where the inflaton potential has a saddle point between different, degenerate vacua. This gives rise to domain walls forming and, in the presence of an expanding universe, the false vacuum inside the walls serves as a site of inflation. This is both topological and eternal because, even though the field will be driven towards one of the minima, the core of the wall grows exponentially with time, providing us with a very generic initial state. Whether topological inflation actually takes place or not for a given potential is a delicate question which has been studied for only a few examples [44] . Generally speaking, a sufficiently flat potential (satisfying the slow-roll conditions) with a large VEV looks to be necessary, according to these previous results.
Candidates to inflaton
Figs 1, 2 suggest that both T R and ϕ np could be inflaton candidates. The structure of the potential along both directions shows a maximum (storing large potential energy), which might be the starting point of topological inflation. However things are not that smooth. The T R field has an obvious η problem since it appears explicitly in the Kähler potential, K, given in eq. (7) (and the same holds for the matter condensate, ρ M ). The chances of ϕ np could be better in principle since it does not appear in K. Actually, using T I (which is one of the components of ϕ np , see eq.(11)) as the inflaton was the basic strategy followed in refs [27, 31] (where they considered a setup with no matter fields). However, as discussed above, this is not a guarantee to avoid the η problem due to the presence of other dangerous contributions to η [see eqs. (13, 15) ].
Let us analyze this possibility in more depth. For the sake of the simplicity, let us ignore for the moment the matter fields, writing W np = Ae −aT . Then the T I −dependent terms in V are proportional to cos(−aT I ), having a similar size to other terms and, thus, to the whole V . Noting that the canonically normalized field isT I = ( √ 6/2T R )T I , it is straightforward, from (15) , to see that
2 . Since, usually, aT R > O(1) to provide the required suppression for the potential, then η is naturally larger than O(1), which preventsT I from inflating. Actually, the η problem was also found in refs. [27, 31] , and was solved by tuning the parameters of the model appropriately .
In our case, we can be more precise since the size of W np is greatly constrained from the above-mentioned fact that the size of V F must be of the same order as V D , and the latter is basically fixed ¶. More precisely, from eqs. (8, 2) [see also eq. (41) 
in the
The setup in these references has two different (racetrack) exponentials in W , which makes the structure of V more involved, but the previous schematic argument still applies.
¶ In refs. [27, 31] the uplifting of the potential was provided by an explicitly non-supersymmetric term δV = E/T 2 R which, in the spirit of KKLT, could arise from anti D3-branes. Unlike our uplifting V D potential, the size of E is not constrained (or it is uncertain), so it represents an extra degree of freedom that can be tuned. Besides, the exponents of W np were taken as continuously varying quantities [contrary to our case, where they go as (N − 1) −1 in eq. (4)], which allowed their tuning.
Appendix] the size of V D is 
For example for N, T R = O(10), which is a reasonable choice, the condition becomes 20) . This result is quite robust since, for other ranges of values of N and T R , the exponent in eq. (17) cannot change much if the balance between F and D terms is to be maintained. These results are confirmed by our numerical analysis. Therefore, we can conclude that, in its simplest form, the scenario does not contain a suitable inflaton. This suggests to explore natural modifications to the simplest setup, which we do in the next section.
Our model
The most obvious extensions of the model are to allow either more matter flavours (until now we have fixed N f = 1) or a second gaugino condensate, but in both cases the problems persist.
Another natural modification is to add matter charged under the anomalous U(1) group and coupled to the squark condensate. Then the superpotential W = W 0 + W np , with W np given by eq. (4), can get extra terms such as
where λ is a coupling constant, and X is a new singlet. This potential exhibits several degenerate vacua for a > 0, b ≥ 2 and non zero values of the singlet X, and a saddle point at < X >= 0, which could be useful for the implementation of topological inflation. However, as already pointed out in ref. [12] , this kind of coupling between singlet and matter condensate forces the anomalous charges of X and M to be such that the FayetIliopoulos D-term can cancel. In consequence, uplifting does not happen and there is no Minkowski (or de Sitter with small cosmological constant) minimum towards which the inflaton can slow-roll. Another possibility would consist of changing the Kähler potential for the matter condensate M, which has been, up to now, taken to be canonical [see eq. (7)], without introducing any extra fields. We looked at the possibility of considering a more stringmotivated ansatz, namely
and we checked that the shape and position of the extrema were similar to those obtained using eq. (7). Therefore this modification of the original model would not turn any components of T R or M into a suitable inflaton. Finally, a natural and simple extension is to consider just an additional neutral singlet, χ, which is not coupled to the SU(N) sector, except gravitationally (χ may be a superfield from another sector of the setup). The absence of terms in the superpotential coupling the singlet χ to the T and M fields implies that eq. (9) holds and, as in the previous model, there are no supersymmetric vacua. Furthermore let us assume, for simplicity, that χ has canonical Kähler potential, ∆K = |χ| 2 , and a polynomial superpotential ∆W (χ) = λ n χ n . If χ is to play the role of the inflaton it is convenient (in order to implement a topological inflation mechanism) that the potential has degenerate vacua with different χ values. This condition is fulfilled, for example, when ∆W (χ) possesses some discrete symmetry and the singlet takes a vacuum expectation value. Again for the sake of simplicity, we will assume that the model has a Z 2 symmetry χ → −χ. Then, the complete superpotential (in M Planck units) reads
with W np given by eq. (4). Higher other terms can be added but they get more and more irrelevant as long as χ < M Planck . In summary, the model is characterised by the superpotential (20) and the Kähler potential
The independent parameters are W 0 and λ i . Besides, there are the parameters defining the gauge sector, though these should be around their natural values: N ∼ O(10), k N ∼ O(1) and q,q ∼ O(1). Let us examine next the physics resulting for this simple extension of the initial setup, as far as inflation is concerned.
The potential
We will first study the structure of the extrema of the scalar potential, after the addition of the χ singlet. Notice that, due to the Z 2 symmetry, any extremum in the moduluscondensate sector is still an extremum of the enlarged potential for χ = 0. The stability of these extrema will depend on the parameter λ 2 . In particular, for sufficiently small λ 2 the extrema become saddle points. This can be understood by fixing λ 2 = 0. Then, from eq. (6),
The value of V F at χ = 0 is the same as in the original dS or Minkowski vacuum; thus, as explained in sect. 2, V F < 0. As a matter of fact, in these scenarios the V F term in eq. (22) dominates over the second one within the brackets, giving rise to an instability in the singlet direction. It is clear that the slope of this instability is reduced once we switch on the mass term (λ 2 = 0) in eq. (20) . Concerning the implementation of inflation, we can in principle use this saddle point as the source of eternal topological inflation. Then the original vacuum must be a de Sitter (not Minkowski) vacuum.
In this setup, playing with λ 2 , a value for the η parameter consistent with slowroll and observational data for the spectral index, n s ≃ 1 + 2η ≃ 0.95, can be easily obtained although, admittedly, this represents a certain tuning of λ 2 . Besides the initial saddle point, we need of course an actual minimum of the potential corresponding to the physical "quasi-Minkowski" vacuum, towards which the inflaton could roll. A minimum for large enough |χ| is actually quite easy to generate due to the quadratic (and higher order) terms in eq. (20) . Then, the sign and size of λ 4 , λ 6 can be chosen so that the minimum does correspond to a quasi-Minkowski vacuum, as desired. Of course this represents a new tuning and, in this case, a very severe one, though this is nothing but the usual fine-tuning to adjust the phenomenological cosmological constant. Finally, the values of W 0 and λ i must be tuned in order to reproduce the size of the observed power-spectrum, P (k) ∼ 10 −10 (more details will be given in the next subsection). In the analyzed examples this requires V at the saddle point to be ∼ O(10 Notice that the T R and M fields vary less than one per mil from one extremum to the other. Therefore we expect that the singlet will be the main inflaton component.
The potential depends on six variables, T R , T I , ρ M , α M , χ R , χ I and it is, therefore, impossible to draw a picture to illustrate how these extrema are connected. However, some simplifications are possible. T I and α M only enter the problem through the ϕ np combination, i.e. the phase of the non-perturbative superpotential given in eq. (11) . Actually, for positive W 0 , the potential is minimised at ϕ np = π, as in the case without singlet. (That means that −W 0 and W np are aligned, partially canceling each other.) Analogously, the potential is minimized by taking χ I → 0 (for more details see the Appendix). Therefore, we can integrate out all phases/imaginary parts, so that the potential depends on (T R , ρ M , χ R ). The explicit form is given in the Appendix. We just need one more step to illustrate the potential along which the inflaton (≡ singlet) evolves. If the inflaton scale and effective mass along the slow-roll are much smaller than the T R and ρ M masses we can also integrate out the latter fields. In fact, since the T R and ρ M masses are not far from M Planck , this has to be the case if |η| ≪ 1, as required for slow-roll to happen + . Consequently, we can define
and finally write
The resulting potential is shown in fig. 3 . It is of order O(10 −16 ) in M Planck units, which means that it involves mass scales of order O(10 −4 ) * . The potential is almost flat in a wide region between χ = 0 and the minimum. Given the relatively large VEV of χ R , we consider this potential suitable for implementing topological inflation. 
The equations
After analysing the potential we are ready to write and solve the equations describing the evolution of the matter and gravitational fields during the rolling from the saddle to the minimum. We will work in Planck units, M Planck = 1.
+ Incidentally, this also means that we can focus on the scalar power spectrum, since the isocurvature fluctuations are negligible, given the hierarchy of scales between the inflation and the other fields in the system. * This is a couple of orders of magnitude below the threshold to produce gravity waves observable in future experiments [45] .
It is convenient to use here real (rather than complex) matter fields, i.e.
, where N denotes the number of complex scalar fields. Then the SUGRA Lagrangian can be written as
where V is given by eq. (5). The relation between K ij and G ij can be straightforwardly calculated.
On the other hand, we parametrise the space-time metric, g µν , as
Then, the field equations (for constant fields in space) deduced from the matter and the gravity Lagrangians arë
subject to the constraint
where dots denote time derivatives and, as usual, Γ i jk are the Christoffel symbols derived from the G ij metric
with G ij G jk = δ i k . In order to determine the evolution of the matter fields, we perform a change of independent variable from time to number of e-folds, N e a(t) = e Ne(t) , H = dN e (t) dt .
Then, from (27, 28) we can write the evolution equations for the matter fields as ♯
where prime means derivative respect to N e . Note that in this way the scale factor is no longer present in the evolution equations. In our case we have six real component fields,
Although we have performed all the numerical computations with the complete set of φ fields, it is possible to decouple {T I , α M , χ I } since, as argued in the previous subsection, they minimize the potential at well-defined values independent of the value of the other fields. So they rapidly fall into their minimizing values and play no role in the evolution of the other fields. Then, the matter Lagrangian (25) for the three relevant fields, {T R , ρ M , χ R }, has the form
♯ In the slow-roll approximation eq. (31) simplifies to
where V is explicitly given in the Appendix. The evolution equations (31) applied to these fields read As argued in the previous section, the inflaton corresponds essentially to the χ R field. The total number of e-folds, N tot e , depends on the initial condition for χ R . If, initially, χ = 0, then N tot e → ∞; otherwise N tot e depends on the initial shift, δχ R . Fig. 4 . shows the dependence of N tot e on δχ R using the values of the parameters of the model given in the previous subsection. Note that N tot e ≥ 50 − 60, as phenomenologically required corresponds to δχ R | initial < ∼ 10 −3 . Recall here that, since we are using the saddle point at χ = 0 as the origin of topological inflation, this means that all the initial conditions are realized in practice (they correspond to different spatial points inside the associated domain wall). The final stages of inflation are the same for all of them, the only difference being the total number of e-folds before the end of inflation. In consequence, any region of the domain wall with δχ R | initial < ∼ 10 −3 gives appropriate inflation, with no tuning of initial conditions.
In order to show the evolution profiles for the singlet (χ R ), modulus (T R ) and condensate (ρ M ) we have taken δχ R | initial = 10 −4 , which corresponds to N tot e ≃ 180, but we insist that the results are the same for any other initial condition (provided N tot e > 60) since the last 60 e-folds take place in the same way. The corresponding profiles are shown in figs 5,6. At N e ∼ 180 the fields start to oscillate around their minimum values, signaling the end of inflation. To determine the end of inflation more precisely we need to evaluate the slow roll parameters ǫ
and η, defined as the most negative eigenvalue of the matrix [31] 
The ǫ parameter remains O(10 −9 ) along the evolution. The behaviour of η as a function of N e is shown in fig. 7 , from which we infer that inflation lasts until N e ∼ 180. The spectral index is defined to be where P (k) is the power spectrum of scalar density perturbations † † [31]
(39) † † In the slow roll approximation,
, so we could compute the power spectrum as
The spectral index is shown, as n s −1, in fig. 8 . Recall that the window of allowed values for this parameter coming from the WMAP data corresponds to it being evaluated ∼ 60 e-folds before the end of inflation. In our case this would mean N e ∼ 120, which is the region shown in detail on the right hand side of fig. 8 . The spectral index (38) was calculated using
since d log k ∼ = dN e at horizon crossing. Note that n s ∼ 0.95, as required by the WMAP fit [2] . Note also that dn s /d log k ≪ 1, which is consistent with [2] . We have arranged the parameters so that the slope and normalization of P (k) (namely, P (k) = 4 × 10 −10 ) around 60 e-folds before the end of inflation are satisfied at the same time.
Let us now compare our approach and results with some recent proposals which touch upon similar models. In ref. [46] the issue of decoupling moduli which are apparently irrelevant for inflation in the context of Type IIB string theory compactified on a Calabi-Yau orientifold was addressed. Some of their methods apply to the large volume stabilisation proposed and developed in refs [47, 48, 49] . Inflation in that context has also been reviewed in refs [30, 50] , where the evolution of the imaginary part of the relevant modulus was considered. They conclude that a minimum setup of three moduli is needed for inflation to work, and the stabilisation of two of those is assumed before starting the evolution of the third. Although their claim is that no fine tuning is needed in these scenarios (as opposed to that of ref. [31] ), we believe that there is an implicit tuning of the shape of the potential, encoded in the dynamics of the two moduli which are already stabilised.
As discussed above, the need of fine-tuning is also necessary in the scenario presented here. This point is sustained as well by the results of ref. [51] , where an without any approximation.
attempt was made to incorporate chaotic/new inflation within SUGRA in a string context. The characteristics of those models are similar to ours, namely a modulus T R and an inflaton Φ, the latter with polynomial self interactions, but the mechanism for stabilising T R is different. The conclusions are, however, similar to ours, namely a substantial degree of fine-tuning is needed to arrange a successful inflation.
Conclusions
In this paper we have looked for a model of slow roll inflation that could be accommodated within the uplifting setup of ref. [12] . That is, we have considered a scenario of N = 1, D=4 SUGRA with gauge group SU(N)× U(1) whose gauge coupling is proportional to a T modulus. The dynamics is determined by the SU(N) gaugino condensation and a flux parameter. Moreover, the necessary uplifting of the potential is achieved thanks to a Fayet-Iliopoulos D-term, which imposes the presence of chiral matter transforming under the U(1). Part of the interest of this setup comes from the fact that most of the parameters are constrained by Supersymmetry and gauge invariance, improving its predictive power. The corresponding scalar potential has dS and Minkowski minima for reasonable values of both modulus and matter condensate, which are natural candidates for the onset of inflation. However, after a careful analysis, we have concluded that the system, in its simplest version (as it was formulated in [12] ), does not contain a suitable inflaton. This is mainly due to the severeness of the η problem in Supergravity theories. [We have also given a review of this problem in connection to generic modular (i.e. T -driven) inflation scenarios.]
Next, we have studied the most natural and economical extension of this simple framework in order to implement successful inflation, concluding that it consists of an additional singlet, χ, with zero U(1) charge and an ordinary polynomial superpotential. The resulting model is quite attractive, as it incorporates eternal topological inflation and can be arranged to comply with all the WMAP and other observational constraints. The role of the (slow rolling) inflaton is played by (the real part of) the χ field, but the dynamics responsible for the stabilization of the moduli (i.e. gaugino condensation, flux and D-uplifting) is crucial for inflation to take place, in particular it is essential to achieve the required positive energy.
We find this kind of set up completely natural, and thus appealing. Nevertheless, it must be pointed out that the above-mentioned arrangement of parameters requires a considerable fine-tuning. This is unpleasant, although, as discussed in the paper, it is a generic fact of virtually all working examples of modular inflation. This may be an indication of a general disease in inflationary scenarios based on Supergravities coming from strings, or just a consequence of the fact that inflationary model building in this context is still in its infancy. Given the obvious interest of such context, the fact that models can actually be built is a sign of progress and should encourage further work in the field. Finally, one can take a more optimistic (though less demanding) view within a landscape philosophy. Then, the apparent fine-tuning of our "local" universe would 
The F part is given by eq. (6) 
where W 2,4,6 stand for the monomials proportional to χ 2,4,6 respectively in eq. (20) . Notice that the above matrix elements are real. As a consequence, the only relevant phases are the relative ones among the different terms appearing in the superpotential. Besides, T I and α M appear only through the phase of the non-perturbative term, ϕ np , see eq.(11).
In our case, for the range of interest of T R , ρ M and χ R (i.e. from the saddle point to the minimum neighbourhood) the potential is minimal for ϕ np = π (we assume real W 0 ) and χ I = 0. Then if we evolve the fields from an initial configuration with all the phases at the minimal value, they will remain constant. We can then restrict ourselves to a reduced potential, V F (T R , ρ M , χ R ). In terms of these three relevant variables, we get V F = 1 8T
